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(57) ABSTRACT

A lighting system, a lighting unit and a method for controlling
a plurality of light sources are described. A lighting system
comprises an intelligent electrical current supply 12 to supply
an electrical current with modulated command data. A plu-
rality of lighting umts 4, 6, 8 are connected 1n series to the
current supply 12. Each lighting unit comprises a light source
22, a controllable bypassing switch 24 to selectively bypass
the light source and a control unit 26. The control unit receives
the modulated command data and controls the bypassing
switch 24 accordingly.
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LIGHTING SYSTEM AND METHOD FOR
CONTROLLING A PLURALITY OF LIGHT
SOURCES

The present mvention relates to a lighting system and a 5
method for controlling a plurality of light sources.

In a lighting system, there are multiple light sources, which
may be arranged 1n different locations. The light sources are
in some way electrically connected, so that electrical power
may be supplied and operation of the light sources may be 10
controlled.

US-A-2003/0057886 describes a networked lighting sys-
tem. A plurality of LED-based lighting units are arranged,
¢.g. as a computer controllable “light string”. They are con-
nected to a common power supply either serially or 1n paral- 15
lel. Each lighting unit comprises a controller for individually
controlling LED (or other) light sources. Control data 1s sent
over a data link, and the lighting unit controllers operate the
light sources according to the control data, therewith e.g.
controlling the light output per LED. LEDs may be driven by 20
PWM to control intensity. The lighting units are arranged
serially with respect to the data link. During configuration and
operation, a string of data—configuration addresses or opera-
tion parameters—is selectively passed on from one unit to the
next. 25

It 1s the object of the present invention to provide a lighting,
system allowing flexible control of individual lighting units
while keeping outlay low.

This object 1s achieved by a lighting system according to
claim 1, a lighting unit for use 1n such a system according to 30
claiam 6, and a method for controlling a plurality of light
sources according to claim 7. Dependent claims relate to
preferred embodiments of the invention.

According to the invention, the lighting system comprises
an electrical current supply and a system control unit. These 35
may be separate units, but preferably are integrated into one
device. A current supply and the control unmit together supply
an electrical current with modulated command data. The elec-
trical current may be an alternating current, but preferably 1s
a direct current. The current s preferably essentially constant, 40
except for the modulation. The modulated command data 1s
command 1information directed from the system control unit
to the lighting units, which 1s given in modulated form.
Modulation 1n the present context 1s understood as any type of
varying the carrier (supply current) over time 1n order to 45
convey information. In the case of a direct current, modula-
tion may comprise pulse modulation, 1.e. turning the current
on and off consecutively or alternating between different
current amplitudes, e.g. 100%/50% ol a nominal value. Alter-
natively, more sophisticated methods of modulation, espe- 50
cially of the current amplitude and, 1n case of an alternating
current, also the frequency or phase, may be employed.

The lighting system according to the invention further
comprises a plurality of lighting units, which each have at
least one light source, preferably LED. The lighting units are 55
connected to the power supply in series. In the present context
this 1s understood to mean that the units are not all directly
connected to the power supply, but are connected one atfter the
other. The supply current during operation passes through
cach lighting unit, so that the current in each lighting unit 1s 60
substantially the same (except for a mode of operation where
one lighting unmit shortcuts other lighting units, which will be
explained later).

In each lighting unit, the supply current may drive the light
source. In order to control operation of a light source, there 65
are controllable bypassing means provided according to the
invention, allowing to selectively bypass the light source. The

2

bypassing means are controlled by a control unit within the
lighting unit. The control unit receives the modulated com-
mand data and controls the bypassing means accordingly. In
this way, the system control unit may supply commands as
modulated command data, and the control unit of the appro-
priate lighting unit(s) will execute a command by either hav-
ing the light source operated by the supply current, or
bypassed.

The mventive lighting system comprises a number of
advantages over known systems. Wiring 1s kept to a minimum
in the case of a series connection, so the wiring outlay 1s kept
exceptionally low. No dedicated wires for power and data
connection are necessary. Further, an identical current
through each lighting unit, as is the case 1n a series connec-
tion, will lead especially 1n the preferred case of LED light
sources, to stable operation and constant light intensity and
hue throughout the system.

Instead of only one light source, there may be multiple light
sources 1n each lighting unit. These may be of different color,
and the overall color of the light output of such a lighting unit
may be adjusted by selectively controlling the different color
light sources.

The light sources may be distributed 1n space, e.g. ordered
in a one-dimensional arrangement forming a line, or in a
two-dimensional arrangement, e.g. forming a matrix. The

ordering 1s 1n each case preferred to be one-dimensional due
to the series connection; nevertheless, one-dimensional
ordering can easily be mapped mto two-dimensional struc-
tures, €.g. by folding a line into several lines, thereby creating
a matrix structure. As will be apparent further on, the series
connection may advantageously be used to allow easy con-
figuring of the system, so that each lighting unit may be
controlled according to 1ts position 1n the distribution, allow-
ing for automatic installation.

According to a preferred embodiment of the invention, the
bypassing means comprises a bypassing switch connected in
parallel to the light source. Multiple light sources on the same
lighting umit may comprise one common, or individually
separate bypassing switches. If a bypassing switch 1s open,
the light source will operate due to the current flowing
through 1it. In the case of a closed bypassing switch, the
lighting unit will not operate.

According to a further preferred embodiment, a control
unit comprises a PWM driver unit to control the bypassing
means. The bypassing means 1n this case are operated accord-
ing to a PWM sequence, 1.¢. they are activated and deactivated
consecutively. For example, if the periods of activation and
deactivation of the bypassing means (corresponding to non-
operation/operation of the light source) are equal, the total
intensity of the light source will be at approx. 50%. If the
PWM sequence has high enough frequency (e.g. 400 Hz), the
generated light 1s perceived as constant, but dimmed.

According to a preferred embodiment of the lighting sys-
tem, each of the lighting units comprises at least three termi-
nals: a current input, a forward current output and a shortcut
current output. The lighting units are connected 1n series by
connecting the current input of a second lighting unit to the
forward current output of a first lighting unat.

However, within each lighting umt, the forward current
output 1s not directly connected to the current input. Rather,
there are switching means provided which may connect the
current input selectively either to the forward current output
or the shortcut output. This allows each lighting unit 1n the
series connection to operate the switching means to either
connect lighting units following 1n the series connection to
the supply current (by activating the forward current output),
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or to deactivate all following lighting units in the series con-
nection by activating the shortcut current output.

This may advantageously be used to allow each unit to
control the flow of information through 1t. By activating the
shortcut current output, the forward current output 1s deacti-
vated. In the present context, this 1s understood to mean that
all subsequent units no longer recerve the full current supply.
They may remain un-powered or may alternatively recerve a
fraction (e.g. %4 or 12) of the full supply current. Also, 1t the
torward current output 1s activated, the shortcut current out-
put may still receive a fraction of a current although this 1s not
preferred 1n terms of energy efficiency. The sum of forward
and shortcut current 1s always constant. The modulation
index, 1.e. the ratio between reduced forward current and full
forward current, may be chosen deliberately: high modula-
tion 1ndices ensure good detectability of modulation, whereas
low modulation 1indices leave subsequent lighting units well
powered and avoid large current changes 1n either direction,
thereby minimizing voltage induction and radiation.

As will be discussed, operation of a switching means may
advantageously be employed for automatic configuration of
the lighting system. The ability of each unit to control the tlow
of mnformation through 1t provides an easy way of detecting
the ordering of the lighting units within the series connection.
During normal operation, however, it 1s preferred for all light-
ing units (except for the last unit in the series connection) to
tully activate the forward current output.

According to a preferred embodiment of the invention, the
control unit comprises a clock device. The clock device
serves to supply a clock signal, which may be used to decode
the modulated command data. On the other hand, the clock
devices of the individual lighting units may be synchronized
by a part of the modulated command data, so that the clock
signals in the imdividual lighting units are synchronous to a
desired accuracy.

According to the method of claim 7 for controlling a plu-
rality of light sources, an electrical current with modulated
command data 1s supplied as described above. In each of a
plurality of lighting units connected 1n series, controllable
bypassing means as discussed are operated according to the
command data.

In the preferred case of lighting units with a current input,
a forward current output, and a shortcut current output as
described above, a configuration step may be initiated by
providing modulated command data including a start symbol.
This may be any signal sequence 1n the current supply recog-
nizable as such by the control units of the individual lighting
units. These then operate the switching means to connect the
current input with the shortcut current output. Consequently,
the forward current output 1s disconnected. Note that the term
“disconnected” 1s here understood to mean that no current or
only a fraction of the full current, as described above, is
received.

According to a turther preferred embodiment, the configu-
ration step comprises associating configuration data (e.g.
address data) with each lighting unit consecutively, where
alter reception of the configuration data, 1n each lighting unit
the switching means 1s operated to activate the forward cur-
rent output. In this way, the lighting units are automatically
configured in their wiring order. This greatly simplifies instal-
lation of a lighting system. During subsequent operation, the
lighting units may easily be controlled according to their
order, so that lighting patterns may be displayed. Also, the
number of lighting units in the system may in this way be
determined automatically.

There are different possibilities to convey configuration
information, especially address data, to the lighting units. In
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one embodiment, a clock signal 1s used, which allows to
associate a unique time slot to every lighting unit during the
configuration step. A clock signal generated 1n the lighting
unmit’s control unit 1s used to sample the mcoming current
wavelorm, thereby allowing the control unit to detect the
information conveyed with the modulated current. After
reception of the start symbol, the input current signal 1s evalu-
ated with respect to the time slot and the clock signal to
determine the address data. Since after reception of the start
signal each unit deactivates the forward current output, only
the first unit will recerve a current signal during the first time
slot, yielding a first address. After the address 1s determined,
the first lighting unit activates the forward current output, so
that the second lighting unit receives a current signal during
the second time slot, and determines a second address. This

continues on throughout the system. Thus, preferably equi-
distant time slots, each associated with the corresponding
position 1n the series connection, are used to determine the
address for each lighting unit according to its order in the
series connection.

With this configuration method, the control unit of each
lighting unit recognizes 1ts place 1n the wiring order of the
lighting units 1n the line. It may then assume a unique address
according to a simple algorithm (e.g. the first lighting unit
assumes address 1, a second lighting unit assumes address 2,
and so forth). The system control unit on the other hand also
associates the first lighting umit with this address, using the
same algorithm (this can, however, be done oflfline, 1.¢. the
system control unit 1s provided with an a-priori understanding
of the relation between lighting unit in the line, and the
associated address). Thus, system control unit and lighting
unit come to a common understanding of the lighting unmit’s
address without any need to further communicate. The
address chosen by the lighting unit 1s then stored 1n the control
units, so that during subsequent operation the lighting units
will operate 1n accordance with commands directed at the
corresponding address. The address data may be unique, so
that each unit has a different address. Additionally, address
data may be a group address shared by a plurality of lighting
units.

According to an alternative embodiment, address data 1s
sent to each lighting unit individually 1n multiple configura-
tion periods, while already configured lighting units remain
passive. Thus, the system control unit communicates with the
first lighting unit during said first configuration step (i.e.
while all other lighting units are temporarily disconnected),
thereby conveying address data to this first unit. This contin-
ues on for all other lighting units until the whole system 1s
configured.

During operation, the addresses may be used to convey
control commands to individual lighting unaits.

In the following, embodiments of the present invention are
described with reference to the drawings. Like numerals cor-
respond to like parts 1n all drawings:

FIG. 1 shows a symbolic circuit diagram of a lighting
system;

FIG. 2 shows a symbolic circuit diagram of a power supply
and system control unmit of the lighting system of FIG. 1;

FIG. 3 shows a symbolic circuit diagram of a lighting unit
from the system of FIG. 1;

FIG. 4 shows a symbolic diagram of a PWM driver unit
from the lighting unit of FI1G. 3;

FIG. 5 shows a first example of a topology of a lighting
system, where lighting units are arranged 1n a chain;

FIG. 6 shows a second example of a topology of a lighting
system, where lighting units are arranged as a matrix;




US 7,994,723 B2

S

FIG. 7 shows a symbolic timing diagram showing current
over time during configuration of a lighting system according
to a first embodiment;

FIG. 8 shows a symbolic timing diagram according to FIG.
7 showing current over time as observed by the fourth lighting
unit 1n a series connection;

FI1G. 9 shows a symbolic timing diagram according to FIG.
7 showing current I over time as observed by the current
supply:

FI1G. 10 shows a symbolic timing diagram showing current
over time during a configuration according to a second
embodiment;

FIG. 11 shows a symbolic timing diagram showing current
over time during operation of a lighting system.

FIG. 1 shows a lighting system 10 comprising a current
supply 12 and a plurality of lighting units 4, 6, 8. The current
supply 12 has a current output where an output current I 1s
delivered. At the other termunal, a back current I, . 1s
returned, which 1s generally 1dentical to 1.

Each lighting unit 4, 6, 8 has three terminals, a first terminal
accepting an mnput current I, a second terminal delivering a
tforward output current 1 ; and a third terminal delivering a
shortcut output current I_. The lighting units (4, 6, 8) are
connected to the current supply 12 1n a series wired connec-
tion. The first LED unit in the row 4 1s supplied with current
I from the current source 12. The following lighting unit 6 1s
supplied with the torward output current I ; ;of the preceding
lighting unit4 and so on. All shortcut current output terminals
are connected to the second terminal of the current source 12
to deliver I, ..

The last lighting unit 1n the row 8 may be connected in
different ways. As will become apparent, the forward output
current terminal of the last unit 8 may be unconnected during
operation. However, for the preferred automatic commaission-
ing which will be described below, the forward output current
terminal of the last unit 8 may either be connected to the
current source 12 via a dedicated cable connection 13 (shown
as a slashed line), or to the shortcut current output. This allows
that a current I may flow during the commissioning phase as
will become apparent below.

FIG. 2 illustrates current supply 12 1n greater detail. The
current supply comprises a constant current source 14 deliv-
ering a constant current I. In the embodiments shown, current
source 14 delivers a direct current. The current source further
comprises a current source controller 16 acting as a system
control unit accessing a read/write memory 18. The current
source controller 16 controls a modulation device, which 1n
the preferred embodiment 1s shown as a modulation switch
20. As modulation switch 20, controlled by current source
controller 16, 1s consecutively opened and closed, the current
I delivered by the current source 12 1s modulated. Note that
instead of on/off modulation, there are other, more sophisti-
cated forms of modulation possible, as known to the skilled
person.

Current source 12 1s 1n the present context termed an ““intel-
ligent” current source, because it not only delivers an essen-
tially constant current I (constant amplitude except for the
modulation), but also modulated data to control lighting units
4, 6, 8 as will become apparent 1n the description below.

FI1G. 3 shows one of the lighting units 4, 6, 8 with the three
terminals I, , 1, , and I . Each lighting unit comprises a LED
light source 22 connected to I, . A bypass switch 24 (e.g. a
transistor) 1s connected parallel to the LED 22. If bypass
switch 24 1s closed, LED 22 1s bypassed by input current I,
so that LED 22 will not operate. If bypass switch 24 1s open,
LED 22 will be operated by current I, flowing through it.

10

15

20

25

30

35

40

45

50

55

60

65

6

Lighting unit 4, 6, 8 further comprises a control unit 26 and
a power converter 28. Power converter 28 1s connected 1n a
serial connection to the mput current I, and generates from
the current tlowing through i1t (e.g. via a low-1impedance resis-
tor) an operating voltage for control unit 26 (symbolically
shown as a voltage against ground). The required energy for
control unit 26 i1s several orders of magnitude less than the
power for operating the light source. It 1s preterred that the
operating voltage 1s buifered/stored/accumulated (e.g. with a
high capacity capacitor), so that control umt 26 will be able to
operate for some time even 1f current I 1s turned off.

The control unit 26 comprises a main controller 30, a
PWM-controller 32 and a clock generator 34. In a preferred
embodiment, these may be part of a single integrated circuait.

Main controller 30 recerves and evaluates a measurement
of the current I, . Also, main controller 30 operates a forward/
shortcut switch 36, which selectively connects I, to either

Lg,q0r 1.

The PWM-controller 32 controls the bypass switch 24
according to a pulse-width modulation sequence. The opera-
tion of PWM-controller 32 1s symbolically shown 1n FIG. 4.
A PWM-sequence 1s given as a digital value 1n a shiit register
36. Shift register 36 1s continuously bitwise cycled through
according to a delivered clock pulse. Operation of bypass
switch 24 1s, e.g., determined by the least significant bit of
register 36 (1=oil, O=on).

A switch 38 may be switched by a signal New_Rotate to
selectively connect one of 1ts mputs to 1ts output. I signal
New_Rotate 1s low, PWM-generator 32 1s in “rotating PWM™
mode, continuously cycling through the value of shiit register
36. If New_Rotate 1s high, a new digital value PWM_1in will
be loaded into shift register 36. The digital value of shiit
register 36 determines operation of LED 22. If, for example,
shift register 36 holds a 4-bit sequence, a PWM_in value of
1111 would lead to the LED being continuously operated
(bypass switch 24 continuously open). In the same way, 0000
would lead to LED 22 being continuously switched off (by-
passed), and 0101 will lead to LED being consecutively
switched on and off according to the clock pulse so that—at a
suificiently high clock frequency—it will be perceived to
operate at about 50% intensity. In this way, the effective
intensity of LED 22 is controlled by main controller 30. Other
implementations of a PWM controller, making use of e.g. a
counter circuit, can be beneficially used as well.

FIG. 5 shows a first example of a topology of lighting
system 10a. In this example, four lighting units 4a, 45, 4¢, 4d
are arranged 1n a chain configuration. Note that each lighting
unit 4a-d 1n this case 1s shown to have four terminals. How-
ever, lighting units 4a-d still correspond to the circuit diagram
of F1G. 3, only with shortcut output terminal I shown at both
sides on the bottom (through connection).

In the lighting system 10a of FIG. 5, the first lighting unit
da 1s connected directly to the current source 12. Further
lighting units 45-44d are then connected consecutively, each to
the preceding lighting unit. This example 1llustrates the mini-
mal wiring outlay. There are no wire connections from the
current source 12 to each individual lighting unit. In this way,
lighting system 10a may very easily be installed. Also, the
configuration may easily be changed, e.g. by adding further
units, at any position in the chain.

As a further example, FIG. 6 shows a lighting system 105
with nine lighting units, which are serially/consecutively con-
nected 1n the same way as 1n the preceding example. How-
ever, while 1n a first example the lighting units are spatially
arranged 1n a line, the lighting units of the second lighting
system 105 are arranged 1n matrix form. However, electri-
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cally, the lighting units in the matrix 105 still form a serial
connection, with the rows of the matrix being arranged con-
secutively.

Naturally, there are many further special arrangements
possible, also with a higher number of lighting units, such as
10, 20, 350 or more. In each case, however, the lighting units
are arranged such that their light sources electrically form a
series connection (as long as the shortcut/forward switch 1s 1n
a forward position, as will become apparent 1n the following
description to be the normal operation mode). Only the last
lighting unit in the series connection closes the chain by
connecting I__to 1 .

In operation phase, the common, essentially constant cur-
rent I flows through each module. The operational state of
cach LED, 1.e. 11 1t 1s lighted/turned on or not, 1s determined
by the individual bypassing switches. In this way, under con-
trol of the individual control units, any constant or time-
variant lighting pattern may be displayed by the spatially
distributed lighting units of the lighting systems 10a, 1056. In
the following, it will be explained how the lighting systems
10a, 1056 are operated to display desired lighting patterns or
sequences under control of the system control unit 16 in the
current source 12.

As already explained, current source controller 16 may
modulate the current I supplied by the current supply. This
modulation 1s used to send configuration and control data to
the individual control units 26 1n the lighting units 4, 6, 8, so
that LEDs 22 are operated 1n accordance with a desired pat-
tern or sequence. Since, as explained, the current I 1s the same
in all lighting units, the control messages sent by means of
modulation on the current I correspond to communication on
a shared medium. Consequently, there needs to be some type
of addressing to ensure that the desired pattern or sequence 1s
supported 1n a suitable way by any particular lighting unit.
While addresses could be assigned to the lighting units 1n
numerous ways, €.g. pre-programmed during manufacture,
according to the preferred embodiment the commissioning,
1.e. assigning of addresses, 1s done automatically following
the order of the units in the series connection. The benefit of
this automatic address assignment process 1s that no a-priori
knowledge about the number and order of lighting units 1n a
chain needs to be present at manufacturing time.

As shown 1n FIG. 3, the control unit 26 (or, more specifi-
cally, 1ts main controller 30) receives a measurement of the
current 1. to be able to receive and decode the modulated
data.

For automatic commissioning, there are a number of sym-
bols defined, corresponding to characteristic modulation
sequences. These symbols, 11 contained 1n the modulation of
current 1., will be recognized by control units 26. In the
present example, we will define two symbols, namely
ID_start, indicating the start of an 1dentification period, and
ID_end, indicating the end of this period. These symbols may
be more or less arbitrarily chosen modulation sequences.
These should be chosen such that they have a uniquely rec-
ognmizable pattern, especially different from the address
sequences sent during the identification period. Moreover, 1t
1s preferred to use these symbols for synchronizing the clocks
34 of the control modules 26 of all lighting units 4, 6, 8, and
creating a common understanding about the position of the
time slots. The corresponding sequence should have good
synchronizing quality w.r.t. the required timing accuracy, 1.¢.
time slots must be identifiable with high confidence during all
configuration steps for the entire lighting system.

In the following examples, modulation 1s effected (accord-
ing to the embodiment shown 1n FIG. 2 with a modulation
switch 20) by interrupting the current (I=0, corresponding to
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a digital value of 0) or by leaving the current at 1ts nominal
value (I=1,, corresponding to the digital value 1). As already
mentioned, there are other, more beneficial types of modula-
tion possible; nevertheless, on-off-switching 1s chosen for
simplicity of drawings and explanations.

FIG. 7 shows a symbolic representation of current I as
offered by the intelligent current source over time during the
commissioning phase. The time axis 1s divided 1nto equidis-
tant time slots. Symbols ID_start and ID_end are represented
as blocks, which 1n the figures comprise three time slots. In an
actual embodiment, these symbols will preferably be longer
to ensure that they are indeed uniquely recognizable.

FIG. 7-FIG. 9 illustrate a first embodiment of an automatic
commissioning method. For commissioning of the lighting
units 4, 6, 8 of lighting system 10 (FIG. 1), the current source
controller 16 (FIG. 2) modulates the current I as shown 1n
FIG. 7 to include symbols ID_start and ID_end. During the
ID_period between these symbols, current I 1s continuously
offered by the current source 14 (I=1,,).

Betore the commaissioning phase starts, all lighting units 4,
6, 8 are operated so that short cut/forward switch 36 1s 1n the
upper, forward position, 1.e. I, 1s connected to I, ;, and all
lighting units recerve current. Cable connection 13 1s in place
as shown 1 FIG. 1. The mtelligent current source connects
I, of the last lighting unit in the row 8 to I, thereby
creating a closed current loop and terminating the electrical
connection of the row of lighting units 4, 6, 8. Thus, the
current I mitially flows through all lighting units 4, 6, 8, and
1s measured by all main controllers 30 of the individual light-
ing units.

As soon as the current source 12 1ssues, and the control unit
26 of the lighting units 4, 6, 8 recerve the ID_start symbol, the
units 4, 6, 8 enter the commaissioning mode. The light units
derive the clock synchronization signal (1.e. slot length and
beginning) from the ID_start symbol and start counting the
time slots. In the commissioning mode, the control units 26 of
the light units 4, 6, 8 set shortcut/forward switch 36 to lower,
shortcut position, to connect I, to I__, thereby disconnecting
the forward terminal I, ;. The intelligent current source now
opens its internal connection between I, ; and 15 ,of the last
lighting unit 1n line; as will be obvious later, this 1s necessary
in order to allow the intelligent current source and the lighting
units to properly detect the end of the commissioning process
and the number of lighting units 1n the chain by observing the
current interruption caused by the last lighting unit switchting

I, to 14,4

This leaves all lighting units 6, 8, except for the first one 1n
the row 4, disconnected from the current I. While the units are
un-powered, control units 26 will continue to operate, due to
either suilicient butiering or a fractional (remaing) current, as
described above.

The first lighting unit 4 will observe an iput current I as
shown i FIG. 7, which 1s continuously ‘on’ during the
ID_period. Especially, 1t will observe that during the first time
slot, the current I 1s on. From this, the control unit 26 of the
first lighting unit 4 will deduce that 1t 1s first lighting unit 1n
the row, and thus determine a corresponding address off, e.g.
#0001,. This address 1s stored 1n the memory of main con-
troller 30. After storing the address, commissioning 1s com-
plete for the first lighting unit 4, and time slot 2 starts. At the
beginning of time slot 2, control unit 26 sets shortcut/forward
switch 36 to forward position to connect I, to 14, ;, thereby
connecting the second lighting umit to the supply current I.
Reception, decoding, processing and storing 1s elfected fast
enough within the first time slot. Switching of shortcut/for-
ward switch 36 1s then effected at the start of the second time
slot.
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Thus, the second lighting unit 1n the row 6 will notice that
it does not receive supply current 1n the first time slot. How-
ever, 1t will notice that 1n the second time slot, current I 1s
received. This enables the second lighting unit 6 to deduce
that 1t 1s connected 1n second place, and thus receives address
#0010,. Again, after commissioning of second lighting unit 6
1s completed (at the end of second time slot), the second
lighting unit 6 also enables the 15, ; output, thereby reconnect-
ing the following lighting units 6. This continues on for all
lighting units 4, 6, 8.

FI1G. 8 shows, as a further example, current I over time as
received by the fourth lighting unit 1n a system comprising 20
lighting units (thus, 20 time slots are shown). The current
during the first three time slots 1s 0. The presence of a current
in the fourth time slot leads to an address of #0100,

This continues on, until the last lighting unit in the row 8 1s
configured. This lighting unit 8 then puts its forward shortcut
switch 36 into forward position at the end of 1ts time slot.
Because there 1s no lighting unit 6 to follow, there 1s no closed
current loop any more. Thus, after time slot 20, the current 1s
interrupted, as indicated 1n the time slot immediately before
the ID_End symbol; 1n fact, the intelligent current source 1s
triggered by the current interruption to create the ID_FEnd
symbol. In an alternative embodiment, no ID_End symbol 1s
used, and simply the interruption of the current after commius-
sioning of the last lighting unit 1n the line 1s interpreted as the
“end symbol”.

FIG. 9 shows current I over time as observed by the intel-
ligent current supply 12 (again, for the example of a system
comprising 20 lighting units). The current supply 12 notices
the open current loop and thus determines that the ID_period
1s finished. From the number of the first time slot 1n which the
current flow 1s interrupted the number of lighting units 4, 6, 8
in the line 1s calculated. All the light units 4, 6, 8 also observe
the current imnterruption. If necessary, 1t 1s also possible 1n the
same way for all lighting units to learn the total number of
lighting units 1n the line. In the present example, 1t 1s assumed
that 20 lighting units 4, 6, 8 are present. Consequently, the
ID_period comprises 20 time slots.

Observing the current interruption, at the end of the last
time slot (the one with no current flow), the last lighting unait
in the row 8 switches 1ts forward shortcut switch 36 to short-
cut mode, thus closing the current loop again and allowing for
turther communication.

Atthe end ofthe ID_period, the intelligent power supply 12
sends the ID_end symbol. Each lighting unmit 4, 6 (except for
the last one 8) switches its forward shortcut switch 36 1nto
torward mode preparing for normal operation.

Note, that in normal operation cable 13 1s no longer needed.
The current loop 1s closed by the last unit 8, which connects I
mtol_.

The described first embodiment of an automatic commis-
sioning method 1s easy to implement. Commissioning 1s done
quickly in only one ID_period.

This commissioning process 1s started by an application
running on the controller 16 of the intelligent current source
12, or a host controller connected to this, whenever this 1s
required: During 1nitial setup, whenever lighting units 4, 6, 8
have been added or removed, or some re-ordering has taken
place.

FI1G. 10 illustrates a second embodiment of automatic com-
missioning method. In contrast to the first embodiment, mul-
tiple configuration intervals are foreseen, implemented as a
dedicated 1dentification period, each of which 1s preceded by
an ID_start symbol and terminated by an ID_end symbol.
Again, each un-commissioned lighting unit 4, 6, 8 enters
commissioning mode upon receipt of an ID_start symbol,
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setting shortcut/forward switch 36 to shortcut mode (lower
position), thereby cutting off subsequent lighting units 6, 8.

The ntelligent power supply 12 starts commissioning the
lighting units 4, 6, 8 by sending modulated data as shown 1n
the example of FIG. 10 in multiple identification periods
ID_period. However, since multiple ID_periods occur, a
“protocol bracket” around the sequence of ID_periods 1n the
form of a COM_start (commissioning start) and a COM_end
(commissioning end) symbol 1s required. The COM_start
symbol 1s 1ssued 1n advance of the first ID_start symbol.

As a consequence of the commissioning mode, only the
first lighting unit 4 1n the line remains powered during the
ID_period #1 and can recerve a unique 1dentifier conveyed
during the ID_period #1 1n modulated form. The intelligent
current source keeps track of the number of lighting units
already configured, and sends, together with the ID number,
the position of a certain lighting unit 1n the line to the lighting
unit under configuration. Thus, the first lighting unit 4 assigns
itsell as the logically first lighting unit in the row and stores
the received ID data as 1ts own address. At the end of ID_pe-
riod #1, the just configured lighting unit 4 switches back its
torward/shortcut switch 36 to forward mode. This ensures
that all the configured lighting units 4, 6 are operational
immediately after they have been configured: all configured
lighting units have their switches 36 in the forward mode,
whereas all un-configured lighting units have their switches
36 1n the shortcut mode.

IT after the first ID_end symbol also the COM_end symbol
1s 1ssued by the intelligent current source, then all nodes set
their switch 36 1into forward mode, and the intelligent current
source ensures that the current loop 1s closed by internally
connectingthe I, _, mputwithI_.from the lastlighting unit in
the row.

In a subsequent second identification period, the already
configured lighting unit 4 1gnores the ID_start symbol and
leaves its forward/shortcut switch 36 1n forward mode (upper
position). These ID_periods may immediately follow one
aiter each other, or may happen within separate commission-
ing phases, 1.e. separated by a COM_end and a COM_start
symbol. During the second identification period 1D_Period
#2, all the un-configured lighting units (1.e. all lighting units
in the line except for the first lighting unit) still have their
forward/shortcut switch 36 in shortcut mode (lower position),
cutting off all subsequent lighting units in the line. Since the
first lighting unit 4 1s already configured, 1t just behaves
passively during all following identification periods, passing
the current through. The second lighting unit decodes the
identifier conveyed from the intelligent current source 12
during ID_period #2, and stores it as 1ts address, and also
stores the position number conveyed by the intelligent current
sources as 1ts position number.

As an alternative to the COM _start and COM _end mecha-
nism, un-configured lighting units may also return to their
initial state after a time-out period has elapsed, 1.e. after a
certain period of time, they operate their switch 36 1nto for-
ward mode.

This goes on with a dedicated ID_period per every lighting
unit 4,6, 8 1n the line.

When the last lighting unit 8 has been configured, in the
next ID_period also the last lighting unit puts 1ts forward/
shortcut switch 36 into forward position. Because there 1s no
lighting unit to follow, there 1s no closed current loop any
more, thus there 1s no current flow. This condition can be
observed in the intelligent current source 12, as well as all
lighting units 4, 6, 8, such that the commissioning process 1s
finmished. The intelligent current source 12 stores in 1ts
memory an addressing table, with logical position 1n the line
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(and assigned address) per lighting unit. Also, all of the light-
ing units may be aware of the total number of lighting units 1n
the line by permanently storing the last address sent before
power oil and storing the position number sent to the lighting
unit configured as last one.

The second embodiment of an automatic commissioning,
method will usually mvolve more data being sent from the
intelligent current source 12 to the lighting units 4, 6, 8.
However, 1t provides for greater flexibility during commis-
sioning, because a dedicated portion of data of arbitrary
length—the data conveyed during the corresponding ID_pe-
riod—is sent to each lighting umit 4, 6, 8.

Note that the second embodiment of a commissioning
method would work even 11 lighting units cut off from the
current supply remain completely un-powered including their
control unmits 26. Only storage of data would need to be
non-volatile.

During subsequent operation, the assigned addresses may
be used to control the lighting system and the individual
lighting units 4, 6, 8. For the operation phase, there are further
symbols defined, corresponding to pulse sequences. Symbols
IDo_start and IDo_end delimit an addressing period IDo_pe-
riod during the operation phase. Symbols CTRL_start and
CTRL_end delimit a control period CTRL_period during the
operation phase. Note that IDo_end and CTRL_start may be
identical, 1.e. a control period immediately follows an
addressing period. This 1s illustrated 1n FIG. 11.

Control of an individual LED unit, 1n the example of con-
trolling the brightness level, can be achieved 1n the following
way:

1. The intelligent current source 12 produces a current
pattern with an addressing period and a control period as
described above. In a simple, preferred example there 1s
only one transition during the CTRL_perniod; the
ON/OFF ratio (duty cycle) of this pattern in the CTRL_
period represents the PWM waveform to be used to
control the LED unit, which has been addressed in the
ID_period.

2. In each lighting unit 4, 6, 8 the main controller 30 detects
the IDo_start symbol

3. Next, the main controller 30 compares the mmcoming 1D
originating from the intelligent current source 12 with
the own ID of the LED module.

a. If the IDs match, interpretation of the CTRL _period is
prepared
b. If the IDs do not match, the CTRL_period 1s 1ignored

4. Next, the main controller 30 waits for the IDo _end/
CTRL_start symbol

5. If the ID matched, the Main Controller switches the
PWM Controller into the “new PWM” mode via the
input selector, and the PWM pattern conveyed within the
CTRL_period 1s stored in the PWM Controller’s shift
register.

6. Once the CTRL_end symbol 1s detected, the PWM Con-
troller 1s switched back to “rotating PWM” mode, and
under control of the clock generator 34, the PWM Con-
troller 32 turns the LED on and off periodically, thereby
accomplishing a certain brightness level.

A lighting unit 4, 6, 8 keeps its operating state (including

the PWM wave form) until a new command 1s decoded.

The IDo_start, IDo_end/CTRL_start and CTRL_end sym-

bols can be of arbitrary length, and should have a uniquely
recognizable pattern. Instead of using a combined IDo_end/
CTRL_start symbol, separate IDo_end and CTRL_start sym-
bols can be used.
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This above-described first embodiment of a control
scheme provides an easy solution for lighting units 4, 6, 8
with a single light source 22, 1.e. lighting units with only a
single parameter to control.

Next, a second embodiment of a control scheme will be
described.

Control of an individual lighting unit 4, 6, 8 having more
than one parameter, e.g. the brightness level and the color, can
be achieved in the following way:

1. The intelligent current source 12 produces a current

pattern with an addressing period and a control period.
In this case, the waveform in the CTRL_period repre-
sents a command to the LED umit addressed 1n the asso-
ciated IDo_period.

2. In each lighting unit 4, 6, 8 the main controller 30 detects
the IDo_start symbol

3. Next, the main controller 30 compares the incoming 1D
originating from the intelligent current source with the
own ID of the LED module.

a. If the IDs match, interpretation of the CTRL_period is
prepared
b. If the IDs do not match, the CTRL _period 1s 1ignored

4. Next, the main controller 30 waits for the IDo_end/
CTRL_start symbol

5. If the ID matched, the controller recerves the command
conveyed 1n the CTRL_period, and stores 1t (e.g. 1n a
command register within the main controller 30).

6. Once the CTRL_end symbol 1s detected, the main con-
troller performs the actions associated with this com-
mand in the lighting unit 4, 6, 8. These actions may
include
a. Setting brightness, by programming the PWM Con-

troller
b. Setting the color 1n the case of a multi-color LED unit
c. Setting beam parameters 1n case of variable beam-
width or—orientation LED units
d. Setting any other suitable lighting unit parameter

This second embodiment enables control for lighting units,
which have more than a single parameter to control.

The kind and number of controllable parameters 1s depen-
dent on the type of lighting units creating the line and 1s
assumed to be known to the control application. The order and
the length of the parameter-related control signals i the
CTRL_period are preferably pre-defined per application.

There are a number of modifications and extensions pos-
sible to the preferred embodiments described above:

Group (multicast or broadcast) addresses can be used, e.g.
to address multiple (or all) lighting units in the line; for
this purpose, a number of pre-defined broadcast
addresses (as. e.g. the address #0000, could be used).

The system could comprise lighting units with multiple
LEDs. For multiple-color LEDs, there are basically two

design options: Either, the entire module 1s commis-
sioned as one, and color control 1s obtained via a suitable
control protocol to the lighting units, or each color in the
lighting unit 1s addressed as a separate lighting unit 1n
predefined order, such as e.g. RGBA for red, green, blue
and amber.

The forward/shortcut switch could be extended, such that
in shortcut mode a high-impedance resistor discharges
the un-powered remainder of the LED line. This may
reduce the shoot-over voltage induced by the sudden
current cut-off.

The commissioning phase could be modified, such that all
lighting units 4, 6, 8 keep their forward shortcut switches
in the forward position throughout the commissioning.
Only the currently commissioned lighting unit switches
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to shortcut mode, whereby a high-impedance resistor 1n
forward shortcut switch still forwards a fraction of the
supply current to the subsequent lighting units, thereby
powering the control circuitry 1n subsequent units. It
needs to be ensured, however, that this remaining small
supply current 1s noticeably smaller than the active sup-
ply current, 1n order to allow a lighting unit to recognize
whether 1t 1s 1n “powered” state or not.

The system could comprise some sort of back channel,
enabling the lighting units to send messages to the intel-
ligent current source 12. For example, the lighting units
could send their addresses to the intelligent current
source 12 using the same current modulation technique
as described above. These may be matched by the con-
troller 16 to the individual lighting units position 1n the
line. Also, the lighting unit could acknowledge receipt of
a message from the intelligent current source 12 1n this
way.

Besides setting static lighting unit parameters (e.g. bright-
ness, color), which will define a light source’s behavior
until they are changed 1n a subsequent control period, it
1s also possible to convey command data corresponding
to dynamic, time-variant behavior controlled by the con-
trol unit 26 alone, e.g. flashing of the light source. To use
this for time-variant patterns, e.g. “chasing lights”, 1t 1s
preferred to have the common cycle period and duration
known to all lighting units to achieve synchronization.
For example, IDo_period duration or CTRL_period, or a
sum of these, could be used as reference timing.

The cable connection 13 from the last lighting unit 8 back
to the intelligent current source 12 could be replaced by
connecting I 1 to I_. 1 the last lighting unit 8. This
would allow a closed current loop during commuission-
ing without further wiring outlay. However, then there
can be no current interruption at the end of the commis-
stoning phase, so that the end would need to be deter-
mined 1n a different way, e.g. by setting the number of
units 1 advance, or by providing a special type of last
umt which signals the end of the commissioning phase.

The mvention claimed 1s:

1. A lighting system, comprising:

an electrical current supply comprising a system control
umt for supplying an electrical current having modu-
lated command data; and

a plurality of lighting units connected in series to said
clectrical current supply, each of said lighting units com-
prising:

a light source,

controllable bypassing means for selectively bypassing
said light source, and

a control unit for recerving said modulated command
data directed to an address of said lighting unit deter-
mined during a commissioning phase, and controlling
said bypassing means according to said modulated
command data during an operation phase of the light-
1ng system.

2. The lighting system according to claim 1, wherein said
bypassing means comprise a bypassing switch connected in
parallel to said light source.

3. The lighting system according to claim 1, wherein said
control umt comprises a PWM driver unit to control said
bypassing means according to a PWM sequence.

4. The lighting system according to claim 1, wherein each
of said lighting units further comprises:

a current mput (I, ),

a forward current output (15, ),

a shortcut current output (I_ ), and
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a switch selectively connecting said current input either to
said forward current output or to said shortcut current
output,

wherein the current mput (I,,) of a first lighting unit 1s
connected to said current supply, and the current input
(I.) of a second lighting unit 1s connected to said for-
ward current output (15, ;) ot said first lighting unit.

5. The lighting system according to claim 1, wherein said
control unit comprises a clock device for supplying a clock
signal, and

wherein said clock devices of said lighting units are syn-
chronized by said modulated command data.

6. A method for controlling a plurality of lighting unaits
connected 1n series to an electrical current source for supply-
ing an electrical current, each of the lighting units comprising

a light source and controllable bypassing means enabling the
light source to be selectively bypassed, the method compris-
ng:
recerving the electrical current from the electrical current
source, the electrical current including modulated data;

determining address data corresponding to the lighting
units based on the modulated data during a commuission-
ing phase; and

determinming control data for controlling the bypassing
means of the lighting units during an operation phase

using the corresponding address data of the lighting
units.

7. The method according to claim 6, wherein each of said
plurality of lighting units further comprises:

a current input (I, ),
a forward current output (15, ).
a shortcut current output (I_ ), and

switching means (36) to connect said current input (I,,,)
selectively either to said forward current output (14, ;) or
said shortcut current output (I_.),

wherein said lighting units are connected such that the
clectrical current 1s delivered to said current input of a
first lighting unit, and the current input of a second
lighting unit 1s connected to said forward current out of
said first lighting unait.

8. The method of claim 7, wherein the current mput (I ) 1s
disconnected tfrom the forward current output (14, ;) in each ot
the plurality of lighting units during the commissioning
phase.

9. The method according to claim 8, wherein each lighting
unit, after entering said commissioning phase, controls said
switching means to connect said current input (I, ,) with said
shortcut current output (I, ), thereby disconnecting said for-
ward current output (15, ,), and

wherein each lighting unit consecutively recerves an input
current (I, ) containing configuration data, and after
reception of said configuration data, said switching
means 15 operated to connect said current mput (I, ,) to
said forward current output (L5, /).

1722

10. The method according to claim 9, wherein 1n said
commissioning phase, the address data are recerved and
stored by the corresponding lighting units.

11. The method according to claim 9, wherein each lighting
unmt further comprises clock means for generating a clock
signal, and

upon reception of a current signal during said commission-
ing phase, said clock signal 1n each lighting unit1s evalu-
ated to determine said address data.
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12. The method according to claim 6, further comprising:
storing associated address data 1n each of the lighting unats,
wherein the modulation data contains the address data of one
or more of said lighting units and the control data directed at
said one or more lighting units during the operation phase,
and

said control unit of said one or more lighting units recog-

nizes said address data and processes said corresponding,
control data to operate said light source.

13. A lighting system, comprising:

an electrical current supply configured to provide an elec-

trical current including modulated data; and

a plurality of lighting units connected 1n series to the elec-

trical current supply, each of the lighting units compris-

ng:

a light source;

a switch configured to selectively bypass the light
source; and

a control unit configured to receive the modulated data
from the electrical current,

wherein the modulated data provides addresses to the plu-

rality lighting units during a commissioning phase and
provides control data to the plurality lighting units dur-
ing an operation phase using the corresponding
addresses, respectively, and

wherein the control units control the corresponding

switches according to the received modulated data dur-
ing the operation phase.

16

14. The lighting system of claim 13, wherein the addresses

of the plurality of lighting units correspond to an order of the
plurality of lighting units from the electrical current supply.

15. The lighting system of claim 13, wherein each of the

5 plurality of lighting further comprises:

10

15

a current mput (I. );

a forward current output (15, ,);

a shortcut current output (I_.); and

a switch configured to selectively connect the current input
(I;,) to one of the forward current output (15, ,)or the
shortcut current output (I_ ),

wherein said lighting units are connected such that the
clectrical current 1s delivered to said current input of a
first lighting umit, and the current imput of a second
lighting unit 1s connected to said forward current out of
said first lighting unait.

16. The lighting system of claim 15, wherein each of the

plurality of lighting units, after entering said commissioning,
phase, controls the switch to connect the current input (I, )

20 with the shortcut current output (I ), thereby disconnecting
the aid forward current output (15, ).

17. The lighting system of claim 16, wherein each of the

plurality of lighting units consecutively receives an input
current containing the modulated data via the current input

25 (I, ), and then controls the switch to connect the current input
(1;,) to the forward current output (14,,).
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